Recent data suggest that in addition to leptins role in conveying signals of the amount of energy stores to the central nervous system, this adipocyte secreted hormone interacts with the endocrine system to provide critical information about the size of fat stores, acting as a permissive factor that allows the triggering of energy demanding situations as the onset of puberty and reproduction. Animal and human data are concordant with the concept that leptin plays an important permissive role in the initiation of puberty and in maintenance of reproductive function thereafter. Leptin regulates the gonadotropin-gonadal axis at a central level. The hypothalamus is an important site of leptins action where a complex network of neuropeptides is involved in leptins effect on GnRH. In addition, leptin plays a role during pregnancy and lactation as it is produced by the placenta and is present in milk. Plasma leptin levels are elevated during pregnancy and this hyperleptinemia is not accompanied by a reduction in food intake, suggesting a state of leptin resistance. Leptin is also detected in the amniotic fluid and its levels are high in venous cord blood at delivery correlating positively with weight at birth which suggests a potential role in intrauterine growth. The fact that in females leptin levels are higher than in males, even when corrected for body fat, suggests that the reproductive system is modulated by leptin in a different way in males and females estrogens. In hypoleptinemia resulting from specific genetic causes, leptin levels may still be adequate for the function of the reproductive system in humans, a phenomenon which differs from the findings in leptin-deficient animals which are infertile. Due to species differences in the role of leptin, it is difficult to extrapolate data from rodents to human physiology. However hypoleptinemia due to non-genetic causes such as anorexia nervosa and exercise leads to loss of reproductive function. Genetic/developmental factors influence the threshold required to turn off the behavioral, metabolic and endocrine responses to perceived caloric deprivation.
mammalian reproduction.
Our understanding of the links between nutrition and the reproductive axis is still incomplete despite important observations that timing of puberty is predicted more by body weight than by chronological age and that the level of body fat could in some way trigger initiation of reproductive function 1, 2 . A major advance in the field was the discovery of the adipose tissue-derived hormone leptin, which strongly supported the concept that adipose tissue is an endocrine organ. Leptin is the Ob gene product secreted almost exclusively by fat cells and the serum leptin levels are proportional to adipocyte mass 3 .
Leptin is a potential signal to the brain reflecting both energy stores and energy balance ( Figure 1 ). By signalling energy balance, leptin plays a role in regulating hunger and satiety, enabling the maintenance of normal weight 4 . Ôhe neuronal target for leptin is the hypothalamus where neurons in the arcuate nucleus, ventromedial and lateral hypothalamus express high levels of leptin receptor. Moreover, neuropeptides involved in feeding behaviour have been co-localized with leptin receptor 5 . As yet, it is not fully understood how human leptin levels are regulated and which metabolic functions are modulated by leptin. It does not seem that leptin modulates energy expenditure in humans because leptin levels correlate neither with resting metabolic rate nor with total energy expenditure 6 . However, leptin is modulated by energy Figure 1 . General scheme of leptin physiology. Leptin is secreted from the adipocytes and circulates as free and bound forms. At both the choroid plexous and the blood brain barrier, leptin is transported by a saturable system into the central nervous system (CNS) where it binds to specific receptors in ventromedial hypothalamus 96 . Reprinted with the permission of the publisher.
balance. Leptin mediates the adaptation to fasting. Thus, with caloric restriction, leptin levels fall rapidly. Normally, a low leptin level signals starvation and directs the body to adapt to this condition. Furthermore, these changes in leptin precede changes in body weight. In the fed state, circulating levels of leptin and leptin messenger RNA levels are closely correlated with degree of adiposity. The leptin gene is over-expressed in adipose tissue in obese subjects. Obese subjects have been found to be resistant to the regulatory function of circulating leptin 7, 8 .
A nocturnal rise in serum leptin was previously documented by 24-h sampling. This nocturnal rise in serum leptin level, regardless of the amount of fat mass in the body, therefore suggests an increase in the production rate of leptin and/or secretion rate. The nocturnal rise in leptin observed in both adults and adolescents 9 resembles circadian rhythmicity of some hormones (PRL and TSH). As leptin levels increase at night, leptin pulsatile secretion becomes more organized and fluctuations of plasma leptin concentrations are synchronous with those of LH and estradiol 10 . Moreover, the patterns of synchrony of leptin/LH and leptin/estradiol are more orderly at night. Leptin stimulates biosynthesis of TRH in vitro and influences the activity of the hypothalamic-pituitary-thyroid axis in vivo in rodents. Leptin can increase the expression of the proTRH gene in hypothalamic TRH neurons 11 . TRH neurons are also subjected to negative regulation by serum thyroid hormone levels.In fasting, decreased serum thyroid levels are associated with a reduction in both TRH and TSH secretion 12, 13 . Leptin administration to fasted mice decreased the fall in T4/ TSH induced by fasting 14 . It has been shown that leptin and TSH have almost identical circadian rhythms 15 . To further explore whether these associations could reflect an underlying regulation of TSH secretion by leptin, four brothers, members of a family with leptin deficiency were studied. Leptin levels of the homozygous leptin-deficient subject were detectable but bioinactive and the rhythm of his TSH was disorganized. In other heterozygous subjects, the 24h pattern of leptin and TSH variability showed a weaker correlation compared with the strong correlation in the normal subjects 15 . These data may indicate that TSH secretion could be influenced by leptins circulating levels.The mechanism by which leptin influences TSH rhythmicity remains largely unknown.The fact that caloric restriction results in a decrease in basal or TRHstimulated TSH levels, TSH pulse amplitude and nocturnal increase of TSH suggests that a factor that reflects nutritional status and energy stores could be responsible for these effects of caloric restriction. Thus, leptin and thyroid hormones have similar effects on thermogenesis and energy metabolism 16 .
More importantly, it has previously been shown that leptins pulsatility is synchronous to that of gonadotropins. Since the pulsatilities of TSH and gonadotropins are concordant, a common hypothalamic pulse generator may regulate circulating concentrations of both hormones. Nutritional signals strongly regulate neuroendocrine axes such as those subserving release of LH, GH and TSH presumably in part via the adipocyte derived neuroactive peptide, leptin. It has been suggested that the nocturnal increase in serum leptin in humans could be related to appetite suppression during sleep 17 and to the meal pattern during the day
18
.
Twenty-four-hour leptin levels were shown to respond to cumulative short-term energy imbalance and to predict subsequent intake meaning that leptin maintains cumulative energy balance by modulating energy intake 19 . Thus three day overfeeding and three days underfeeding (short-term) in non-obese unrestrained eaters causes a 17% increase and 24% decrease in serum leptin levels and these changes are much larger than would be predicted by increases and decreases in body fat. Thus leptin release is controlled both by acute (fasting) and long term (adipose store) nutrient status 19 .
Furthermore inadequate nutritional intake profoundly alters neuroendocrine-metabolic functions in humans and experimental animals by activating the hypothalamic-pituitary-adrenal and/or somatotropic axes and by suppressing the reproductive axis 20 . Thus, the link between feeding behaviour and the long-term regulation of body weight and adiposity is mediated by hormones, for example, leptin, insulin, glucocorticoids and GH, whose levels are related to energy stores 5 .
Limited information exists regarding the role of nutritional intake and substrate availability in the disruption of reproductive function in the absence of weight loss and exercise. Enhanced nocturnal GH secretion and reduced T3 and T4 together with hypercortisolemia support the view that compensatory metabolic adaptations to nutritional deficit may play a role in disrupting reproductive function 21 . The most important findings are those that link functional amen-orrhoea in weight stable, non-athletic women with severe restriction of dietary fat intake. Thus, subclinical eating disorders (50% less fat consumption) may represent a common contributing factor in the development of multiple neuroendocrine-metabolic aberrations 21 .
Recently, it has been shown that leptin-GH (but not leptin-LH) showed nutrient dependent positive (fed) and negative (fasting) cross-correlations in a study of short-term fasting in the steroid-replete midlutheal phase of the normal menstrual cycle in healthy young women 22 . Short-term fasting selectively suppresses leptin pulse mass and 24h rhythmic leptin release without disturbing leptin pulse frequency or its pattern of regularity. No correlation could be found between leptin-LH in healthy normal cycling women 23 . Thus, leptin is a sensitive integrated marker of nutritional status, i.e. hypoleptinemia, independent of fat mass, may reflect inadequate calorie intake, fat intake and/or other subclinical nutritional disturbances in women with functional amenorrhoea 22 . Not unexpectedly then, normal GnRH neuronal activity is dependent on sufficient energy availability. Since there are only a few papers that have attempted to examine the relationship between leptin and metabolic fuel availability, it is difficult to evaluate the degree to which these pathways interact.
LEPTIN DEFICIENCY INDEPENDENT OF STARVATION
Conditions associated with leptin absence or deficiency not associated with starvation are rare. They are the result of mutations in the leptin gene, are associated with morbid obesity from infancy and have a number of hormonal abnormalities, including insulin resistance and hypogonadotropic hypogonadism [24] [25] [26] . While multiple lines of evidence suggest that leptin plays a key role in reproduction (Figure 2 ), the identification of patients with severe lipodystrophy caused by a deficiency or destruction of adipose cells characterized by low leptin levels and who have normal reproductive function demonstrates all the complexity in understanding the system 27 . Abnormalities in this condition (hypertriglyceridemia and insulin resistance) can be corrected by leptin replacement therapy. Leptin replacement led to clear and dramatic metabolic benefits in patients with lipodystrophy and leptin deficiency 28 . Figure 2 . Leptin action on hypothalamic-pituitary-gonadal axis in both sexes.
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LEPTIN, GENDER, SEX HORMONES
From the initial reports of leptin measurements in humans, it was evident that a clear gender difference in leptin levels existed (Figure 3) , i.e. leptin levels were found to be two to threefold higher in women than in men for the same BMI values. The gender difference in circulating leptin levels, even after correcting serum leptin levels for percent or total body fat, indicated that an endocrine involvement may be at the basis of gender difference. Sex differences in serum leptin levels have been identified across a broad spectrum of age, body mass index and body fat. Several mechanisms have been postulated to explain the physiological basis for this sexual dimorphism in plasma leptin
. Accumulating evidence suggests that a) leptin production per unit fat mass is 75% higher in women 30 and accelerated secretion rates of leptin from adipose tissue are due to increased leptin gene expression 31 , b) pre-menopausal females have higher leptin levels than post-menopausal after correction for differences in body composition 32 and post-menopausal women still have leptin levels significanlty greater than males; c) female adipose tissue may be more sensitive to hormones (insulin, glucocorticoids) 33 ; d) estrogens alter the balance between long and short leptin receptor isoforms leading to increased tissue sensitivity to leptin 34 ; and e) sex hormones may regulate leptin binding proteins. Furthermore, in a study con- Figure 3 . Mean+SEM of serum leptin concentrations in normal children of both sexes ordered by age groups and plotted against their respective body weight 61 . Reprinted with the permission of the publisher.
the baseline after hCG stimulation for 3-5 days did not modify plasma leptin concentrations in normal weight and obese men 44 . Because testosterone increases muscle size and modifies body composition parameters in favour of fat-free mass, it cannot be excluded that a relevant part of the claimed androgen effects on leptin are indirect and are exerted through changes in body composition, fat content and adipose tissue distribution.
Elevated androgen levels in women with polycystic ovarian disease do not modify plasma leptin levels 45, 46 . In a group of hyperandrogenic, nondiabetic women with insulin resistance, acantosis nigricans and irregular cycles, the administration of desogestrol-containing oral contraceptive decreased total and free testosterone without affecting leptin levels 47 . These women were extremely obese and did not change their BMI during the six-cycle follow-up period. However, body composition studies were not performed and these patients were taking high dose of estrogens (30mg of ethinyl estradiol). Estrogens contribute in part to the differences in serum leptin levels observed between men and women but do not constitute the only mechanism.
LEPTIN -OTHER HORMONES
Apart from fat mass, gender and sex hormones, there are a number of other postulated influences on the circulating leptin level. In humans, insulin 48 , glucocorticoids 49, 50 and growth hormone [51] [52] [53] have been claimed to stimulate or inhibit leptin secretion. Insulin can regulate leptin expression and stimulate leptin secretion, at least in part through the lipogenic effect of insulin on adipocytes. On the other hand, growth hormone is not only involved in growth and development but also has an important impact on body composition and fat distribution through its influence on energy metabolism and its lipolytic and nitrogen sparing effects. In rodents, leptin stimulates GH secretion, particularly when leptin is infused centrally. The administration of leptin antiserum to normally fed rats led to a decrease in spontaneous GH secretion while administration of leptin to fasted rats was followed by a reversal of the fasting-induced suppression of GH secretion 51, 54 . Since regulation of GH secretion in humans is different from rodents, it is difficult to translate these results to humans and no pertinent human data are available. Some consider leptin as a possible ducted in transsexuals undergoing sex reassignment following a standard protocol of cross sex-hormone administration, it has been shown that sex steroid hormones, in particular testosterone, play an important role in the regulation of serum leptin levels 35 .
Higher leptin levels are found in normally cycling women when compared with postmenopausal women and in addition, leptin levels increase with spontaneous follicle development in the normal menstrual cycle. Higher leptin levels in the luteal compared with the follicular phase of normal cycles suggests that progesterone may also be involved in the hormonal regulation of leptin secretion. However, an approximately 20% increase in leptin levels with physiological estrogen replacement, which has been demonstrated in postmenopausal women, is considerably less than the 40% difference observed between men and women 36, 37 . Nevertheless, an effect of estrogen alone is insufficient to explain the sexual dimporphism in leptin levels.
On the other hand, there is evidence suggesting that testosterone exerts a negative regulation on leptin secretion 38 . We found that chronically elevated basal testosterone levels, in two virilized females harbouring testosterone-secreting ovarian tumours, were associated with suppressed serum leptin levels to the extent that the gender difference in leptin levels was lost 39 . Prior to surgery, increased lean mass and decreased fat mass in one of our patients confirmed that testosterone modifies body composition parameters in favour of fat-free mass. We also found that acute changes in plasma testosterone levels per se did not affect circulating serum leptin levels two weeks after curative surgery. Furthermore, dihydrotestosterone, stanozolol, androstenedione and dehydroepiandrosterone sulphate induced a significant inhibition of leptin secretion in vitro for omental adipose tissue, derived from females but an analogous effect was not observed in male samples. Testosterone was devoid of activity in either gender 40 . Thus in adipose tissue samples derived from female donors, androgens act,in general, as suppressors of leptin secretion while estradiol stimulates leptin release as has been previously shown in animal studies 41, 42 . Neither androgens nor estrogens are able to modulate in vitro leptin secretion by adipose tissue taken from male subjects 28 The lack of a direct effect of testosterone on leptin secretion by adipocytes has been reported 43 and a rise of testosterone up to two to three times above cadian and the pulsatile patterns of fluctuations in serum leptin levels imply that neural and neurohumoral components of the brain may regulate leptin secretion from adipocytes. The nocturnal increase in leptin, GH and IGF-1 secretion prior to puberty in the agonadal male monkey provide evidence for the role of leptin in regulating increases in pulsatile nocturnal gonadotropin-releasing hormone secretion during development 62 . In humans, leptin mutation delays pubertal onset but does prevent it. A number of studies in animals which examined whether leptin adimistration could accelerate pubertal onset were inconclusive, i.e. some did show acceleration while others failed to show an effect of leptin in accelerating pubertal onset [63] [64] [65] [66] . Several studies in humans have reported a progressive increase in leptin levels during childhood and the prepubertal period in both sexes [67] [68] [69] [70] . Furthermore, during reversible pituitary-gonadal suppression in children with central precocious puberty, suppression of testosterone increased leptin levels whereas resumption of puberty was associated with decreased leptin levels 71 .
In the oldest female from a Turkish consanguineous family with missense leptin gene mutation, there was a delay of over 20 years in the onset of regular menstruation. Since hypogonadism is a clinical feature of leptin gene mutation,one must conclude that leptin acts in a permissive way and is only one of several metabolic factors important for the onset of puberty.
The relatively stable circulating concentrations of leptin across the boundary between prepubertal life and sexual maturation would suggest that although a certain plasma threshold of leptin is a requisite for sexual development, achieving this threshold is insufficient to activate the reproductive axis before normal timing of the event. Clearly, other factors besides leptin are necessary for the initiation of sexual maturation in humans 72 .
IMPORTANT SPECIES DIFFERENCES IN THE ROLE OF LEPTIN
Rodents without leptin have reduced basal metabolic rate in contrast to humans. Leptin may be less central to the regulation of energy expenditure in humans than in mice 73 . Regulation of growth hormone in starvation in rodents is different from humans; GH metabolic signal inhibiting GH secretion, while GH/ IGF-I could also be involved in the regulation of leptin secretion 55 . Recent data showed an effect of an acute bolus of GH on serum leptin in normal individuals. A single bolus of GH significantly increased serum leptin levels in the absence of a change in body composition. Fasting increases GH and decreases leptin in both sexes.GH and leptin secretions are higher in women than in men in the fed state but not in fasting, which abolishes the gender-related differences in humans 57 . At present, however, the respective roles of hormonal factors in the overall regulation of leptin production have not been fully ascertained. Leptin significantly correlates with other homones, but not independently of body composition 58 .
LEPTIN-HYPOTHALAMUS AND TIMING OF PUBERTY
Leptin clearly influences reproduction but where leptin acts to exert this effect is not yet fully resolved. Leptin most likely exerts its most important effects through CNS and specifically through the hypothalamus. Although several lines of evidence suggest that the hypothalamus is the primary brain site targeted by leptin 59 , the precise site within the hypothalamus cannot be ascertained at present. A number of hypothalamic neuropeptides important in the feeding behaviour have been examined as leptin effectors. Perhaps the subpopulation of NPY-producing cells in the hypothalamus may be one of the targets of leptin action. Nevertheless, it has not as yet been elucidated via which of the peptidergic neurons leptin infuences GnRH secreting cells. Leptin receptor (OB-R) has homology to members of the class I cytokine receptor family, which may imply similarities in molecular events in intracellular signal transduction engaged by cytokines and leptin 61 . The long form of leptin receptor responsible for signal transduction is expressed in the arcuate nucleus, an area important for controlling GnRH release and sexual behavior. Leptin at the lowest concentrations in vitro caused a significant increase in GnRH release form rodent arcuate nucleus explant 60 . To further assess whether or not the effect of leptin on GnRH is direct, an immortalized GnRHsecreting neuronal line was treated with leptin 61 and it was shown that leptin stimulated GnRH release. Leptin receptors, however, have not thus far been identified on GnRH neurons. The already mentioned cir-response to starvation is blunted in rodent while in humans it is stimulated. Decreased GH secretion in rodents is reversed by administration of leptin. A further difference between rodents and humans relates to the consistently normal glucocorticoid concentrations in humans with leptin deficiency in contrast to the marked excess in ob/ob mice. Thus, due to the existence of these important interspecies differences the extrapolation of data from rodent to human physiology is not feasible.
LEPTIN IN CHRONIC UNDERNUTRTION AND LOW BODY FAT
The importance of energy stores in maintaining fertility is best demonstrated by the menstrual cycle dysfunction commonly found in women who lose weight below a certain threshold level 74, 75 . Such women have low plasma levels of estrogen, LH and FSH, with a circadian pattern of LH secretion similar to that of pre-pubertal girls.In patients with anorexia nervosa a pre-pubertal pattern of gonadotropin secretion is found . Animal studies have shown marked delay in the onset of puberty in food deprived animals and a rapid recovery of reproductive function when food is available ad libitum 76 . Similarly, females undertaking chronic strenuous exercise develop the so-called exercise-induced amenorrhea ascribed to loss of weight, low percentage of fat, increase expenditure of energy or decreased energy intake, with the consequent loss of pulsatile LH secretion, which is rapidly resolved when exercise ceases 77 . These findings suggest that metabolic stress, with or without weight loss, may affect the reproductive axis more severely in women and that leptin may well be the mediator of this metabolic stress to the GnRH generator. Leptin is able to prevent the reduced pulsatile LH secretion that occurs during fasting in monkeys and rats 78 . Women in a state of self-induced starvation (anorexia nervosa) show extremely low levels of serum leptin without nocturnal rise 79 . The low leptin levels correlate with the reduction in adipose stores but are unrelated to the type of nutritional disease involved 80 . Although dynamic changes in serum and CSF leptin have been shown with changes in nutrition or body weight 81 , leptin values show a delay in recovery in comparison with fat mass restoration. Leptin levels in cerebrospinal fluid (CSF) correlate with the nutritional status, but the CSF to plasma leptin ratio is higher for patients than for controls and normalizes before body weight is normalized 81 . It may be hypothesized that differences in the recovery of leptin levels may be the basis for persistent absence of menses in some patients after body weight normalization, a fairly common clinical finding. The relationship between leptin, percent body fat and nutritional variables including insulin-like growth factor I (IGF-I) was compared in patients with anorexia nervosa and normal controls. These data suggest that nutritional factors other than percent body fat may control leptin secretion, for example, disordered eating behaviour, low fat consumption and low insulin-like growth factor I (IGF-I). Low serum leptin levels are found in young amenorrheic athletes 82 without nocturnal rise in serum leptin levels while athletes with similar BMI who had regular cycles consumed more fat in their diets and had nocturnal rise in serum leptin level 82 .
LEPTIN AND PREGNANCY
Pregnancy is a hypermetabolic state in which a great increase in maternal body fat and weight occurs, mostly in the final trimester, associated with relevant neuroendocrine changes. In order to verify to what degree leptin influences the changes in appetite, thermogenesis, lipid metabolism and neuroendocrine adaptations during pregnancy, this hormone has been measured in several animal models and in humans. A clear association of prolactin and leptin is found in pregnancy and lactation. Leptin and prolactin rise in pregnancy in a parallel manner and regression analysis suggests that body mass index and prolactin can be used as predictors of leptin values. It is thought that prolactin and leptin mediate partitioning of nutrients for energy utilization in a state of increased energy demands such as pregnancy and lactation 83 . Leptin levels are high in the mother throughout gestation and especially around term and in the fetus at term 84 . In the first trimester of pregnancy, plasma leptin increases before any major changes in body fat and resting metabolic rate 85, 86 and these changes are unrelated to the fetal growth 87 . Immediately before delivery, leptin levels undergo a dramatic reduction returning to the levels of non-pregnant women 24 h pre-partum with further decrease after delivery . At least in rodents, high leptin levels are, in part due to a complex of leptin-leptin binding protein 88 . There is no clear explanation for the role of increased leptin in human pregnancy and the mechanisms by which maternal and fetal weight are regulated. Leptin increase may be due to pregnancy-derived increase in leptin resistance and a probable explanation is the need to maintain increased food intake in the mother, despite already increased adiposity, in order to further build up energy stores for lactation 89 . Elevated levels of leptin in pregnancy may also come from human placenta 90, 91 . The continuous increase in leptin levels during pregnancy may raise the set point of the hypothalamic leptin receptor and this may explain the postpartum weight retention or weight increase reported by some women. Leptin is detectable in fetal blood as early as 18 weeks of gestation, with a dramatic increase at 34 weeks 92, 93 . This rise parallels adipose tissue development during the second trimester of gestation and its exponential increase in the last weeks of gestation. It is important to underline that fetal leptin levels correlate with the amount of fetal fat but not with maternal leptin levels. Whether leptin merely reflects changes in adipose stores or whether it has a more complex role in embryonic development is unknown at present. The latter possibility is supported by the detection of leptin gene expression in a variety of murine fetal tissues, such as cartilage, bone, brain, hair follicles, etc. At birth, neonatal leptin levels are lower in comparison with the antenatal values. Cord leptin levels in female babies are 40% higher than in male, indicating that the gender differences are present even in intra uterine life 94, 95 . Leptin levels at birth are disproportionately high in neonates and reach adult values two weeks post partum, both in rodents and humans. These data strongly reinforce the notion that circulating leptin levels may provide a growth-promoting signal for fetal development during late pregnancy 96 .
LEPTIN DURING ASSISTED REPRODUCTIVE THERAPY
A role for leptin in ovarian physiology is well accepted and important changes in serum leptin levels are found during ovarian suppression-stimulation programmes for assisted reproductive cycles. Moreover, women with successful pregnancy outcomes have higher leptin levels after embryo transfer and in early pregnancy than those failing to achieve pregnancy or those with later fetal loss. Ovarian stimulation by hMG/FSH is accompanied by significant rise in leptin. Since the peak of leptin appears after the rise of estrogens, it is possible that estrogens rather than FSH itself are the main mechanism of the leptin rise 97 . A significant increase in serum leptin levels of about 60% is observed from suppression to ovarian hyperstimulation during in vitro fertilization techniques 98 . Moreover, the follicular fluid leptin concentrations at the time of oocyte retrieval are similar to the serum concentrations. Leptin synthesis has also been demonstrated in ovarian granulosa 99 . The increase in leptin level is negatively correlated with the ovarian response as measured by the number of follicles and oocytes. A positive correlation between the percentage of change in leptin concentrations with the percentage of FSH increase is observed. Follicular fluid leptin concentrations were measured in women who underwent several In Vitro Fertilizations (IVF) or Gamete Intra-Fallopian Transfers (GIFT) and it was found that women who succeeded in becoming pregnant within three cycles of IVF or GIFT had significantly lower leptin concentrations in follicular fluid in comparison with women who failed to become pregnant within three cycles, after adjusting for age and BMI 100 . In summary, low follicular fluid leptin concentration may be a marker of success after IVF.
To add further to the complexity of leptin-mediated regulation of gonadal function, direct actions of leptin on gonads have recently been reported 101 . Leptin has been shown to inhibit the synergistic action of insulin-like growth factor I and FSH on granulosa cell estradiol production 102 . It is possible that leptin in high concentrations can act as an inhibitory co-gonadotropin in the ovary 103 . The increased leptin production during ovarian hyperstimulation may be related to adiposity and reduced ovarian responsiveness to FSH administration.
SUMMARY AND CONCLUSIONS
Although leptin was originally viewed as an antiobesity hormone, it is now evident that it may have more pleiotropic actions. Experiments in rodents have shown that leptin activates the sympathetic nervous system, and is involved in regulation of blood pressure, hematopoiesis, immune function, angiogenesis and brain and bone development. The hypothalamus is the primary brain site targeted by circulating leptin secreted by fat cells. Leptin acts through its receptor which has homology to members of the class I cytokine receptor family and that may imply similarities in molecular events engaged by cytokines and leptin. Leptin is a potential signal to the brain reflecting both energy stores and energy balance. By signalling energy balance, leptin plays a role in regulating hunger and satiety and the maintenance of normal boby weight. The diverse actions of leptin on feeding, metabolism and neuroendocrine responses probably involve differential regulation of neuronal circuits in the hypothalamus and brain stem. While in experiments with hypothalamic explants and a GnRH secreting neuronal cell line leptin directly stimulates GnRH secretion, the lack of leptin receptor on GnRH neurons suggests that leptin may act indirectly through other neuropeptides to stimulate CnRH secretion. In view of cytokine-like properties of the leptin receptor, it is likely that leptin produced and secreted outside of fat tissue, (CNS, pituitary, ovary, placenta, etc) acts as a paracrine regulator. Infertility is an inherent part of the leptindeficient mouse (Ob) which is corrected by the administration of leptin. Administration of leptin to starved mice reverses the starvation-induced diminution in circulating gonadotropins and gonadal steroids and restores ovulatory function. Although pubescence and fertility are not synonymous, leptin administration has been shown to hasten the onset of puberty in rodents. Some biological effects observed in rodents have so far not been seen in humans. Thus, due to species differences in the role of leptin it is difficult to extrapolate data from rodents to human physiology. Leptin seems to have a permissive but not a primary role in the timing of puberty in humans. It has been proposed that low leptin levels resulting from genetic causes may still be adequate for a functioning reproductive system but the exact underlying mechanism for this effect is still not known. On the other hand, low leptin levels with amenorrhoea and infertility are frequently observed in individuals with a reduced body weight secondary to vigorous exercise and/ or caloric restriction. Leptin mediated signals appear to provide a critical link between somatic energy stores, energy homeostasis and fertility. Genetic/developmental factors influence the threshold required to turn off the behavioural, metabolic and endocrine responses to perceived caloric deprivation. Prospects for therapeutic strategies might be that exogenous leptin could have some clinical utility in facilitating compliance with hypocaloric diet and in maintenance of a reduced body weight as well as in restoring menstrual function, ovulation and fertility in individuals with low fat mass. 
